Ionic liquid 1-butyl-3-methylimidazolium bromide ([bmim]Br) efficiently accelerates Michael addition of phthalimide and sulfonamides to α,β-unsaturated esters in the presence of K 2 CO 3 under microwave irradiation (MW) to afford N-alkyl derivatives of these compounds in high yields and short reaction times.
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INTRODUCTION
The exploitation of ionic liquids as solvents in organic transformations has been reported extensively during the past decade. [1] [2] [3] [4] [5] The most useful properties of ionic liquids are the ability to dissolve a wide range of substances, very low vapor pressure, high thermal stability, and the fact that they can be stored for long times without decomposition. Moreover, it is often possible to achieve reactions in ionic liquids that otherwise proceed with great difficulty, or even not at all. [1] [2] [3] Together with the substitution of common molecular solvents, nonconventional activation methods have been applied as powerful tools to decrease reaction times and to enhance reactivity, mainly microwave irradiation. [6] [7] [8] [9] [10] [11] [12] [13] Michael addition reaction has been used in the carbon-carbon, 14, 15 carbonoxygen, 16 carbon-sulfur, 17, 18 and carbon-nitrogen bonds formation. [19] [20] [21] [22] [23] AzaMichael addition of phthalimide and sulfonamides to α,β-unsaturated esters provides a direct and appealing route toward synthesis of N-alkyl derivatives of these compounds. [24] [25] [26] [27] For N-alkyl phthalimides some biological activities, such as antipsychotic, 28 anti-inflammatory, 29, 30 hypolipidemic, 31 and receptor properties have been reported. 32 Furthermore, these compounds are very useful intermediate in organic synthesis as they can be easily converted to primary amines (Gabriel synthesis). 33 N-Alkylated sulfonamides have also various biological activities, including antidepressant, psychostimulant, analgesic, anti-ulcer, anti-emetic anti-inflammatory properties. [34] [35] [36] [37] Moreover, saccharin as a sulfonamide derivative and its derivatives are very important in medicinal chemistry. 36, 37 To the best of our knowledge, the preparation of N-alkyl derivatives of phthalimide and sulfonamides by aza-conjugate addition reaction has been scarcely studied in the literature. Moe et al. have used Na in absolute EtOH to achieve Michael addition of phthalimide to α,β-unsaturated aldehydes. 24 Cardillo et al. have carried out the reaction of phthalimide salts to α,β-unsaturated imides in the presence of AlMe 2 Cl. 25 For Michael addition of sulfonamides to α,β-unsaturated compounds, Al 2 O 3 , 26 and PBu 3 27 has been employed. Furthermore, more recently we have performed this transformation using K 2 CO 3 /tetrabutylammonium bromide (TBAB). As mentioned, K 2 CO 3 accompanied with TBAB has been used previously only for Michael reaction of sulfonamides not phthalimide and saccharin. Moreover, in this report, sulfonamides have been N-alkylated with moderate selectivity in the synthesis of N-alkyl and N,N-dialkyl sulfonamides. 38 The mentioned methods are also associated with one or more of the following drawbacks: moderate yields, relatively long reaction times and the use of more reactive Michael acceptors. Because of wide range of biological and synthetic applications of N-alkyl phthalimides and sulfonamides, their preparation has received renewed interest processes.
Potassium carbonate (K 2 CO 3 ) is a cheap, commercially available, reusable and green base which has been used frequently in N-, [39] [40] [41] [42] C-, 43, 44 and Oalkylation reactions. [45] [46] [47] Having the above aspects in mind and also in continuation of our previous studies on aza-Michael reactions, 48, 49 green organic synthesis, 39, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] as well as applications of K 2 CO 3 in N-alkylation reactions, 39 we report here our results on the synthesis of N-alkyl derivatives of phthalimide and sulfonamides via Michael addition of phthalimide and sulfonamides to α,β-unsaturated esters using K 2 CO 3 in [bmim]Br under microwave irradiation (Schemes 1 and 2). 
RESULTS AND DISCUSSION
We have found previously K 2 CO 3 acts as an efficient reagent for highly regioselective N-alkylation of benzotriazole. 39 Moreover, this reagent has been frequently applied in alkylation reactions. [40] [41] [42] [43] [44] [45] [46] [47] These subjects encouraged us to use this reagent for N-alkylation of phthalimide and sulfonamides via Michael reaction. Thus, at first, we used K 2 CO 3 to accomplish Michael addition of phthalimide to n-butyl acrylate as a model reaction under microwave conditions in [bmim]Br (Scheme 1). Interestingly, the reaction proceeded efficiently at 300 W of microwave power (max. 130 °C) and the desired Michael adduct 1b was obtained in excellent yield in short reaction time (Table 1) . We also studied the influence of different bases to evaluate their capabilities ( Table 1) . As it is shown in Table 1 , the best results were obtained when K 2 CO 3 was applied as base. We extended this reaction to benzenesulfonamide as Michael donor that provided compound 2a in 85% yield within 6 min (Scheme 2). Considering the excellent results obtained from K 2 CO 3 , this base was used for all reactions. In order to determine whether ionic liquid was an essential factor to promote the reaction, the model reaction was carried out in several traditional solvents, and the results are depicted in Table 2. As Table 2 indicates, longer reaction times were required in these classical solvents than those in ionic liquid to achieve the reaction. Furthermore, the yields were not so high as those in ionic liquid. It was clear that the ionic liquids accelerated this reaction. To establish the efficiency and applicability of this method, we introduced phthalimide and sulfonamides to different α,β-unsaturated esters. The results are summarized in Tables 3, 4 Tables 3, 4 and 5 shows, the reactions proceeded efficiently and the desired Michael adducts were obtained in good to excellent yields and short reaction times.
and 5). As
It has been observed that the bulkiness of alkoxy group (-OR) of α,β-unsaturated esters did not affect significantly on the yields and the reaction times (Table 3, Table 4 : entries 1 and 2 as well as Table 5 ). Michael addition of phthalimide and saccharin to substituted α,β-unsaturated esters ethyl methacrylate and ethyl crotonate was not efficient; however, sulfonamides reacted successfully with these esters (Table 4 : entries 3 and 4). Lower reaction yield was obtained when 4-methylbenzenesulfonamides instead of benzenesulfonamides was applied in the reaction (Table 4 : entry 5). Saccharin afforded lower yields of products in comparison to the other Michael donors (Table 5) . We tried to improve the yields of N-alkyl derivatives of saccharin; however, our attempt was not successful. In this method, the selectivity was high and N,Ndialkylated sulfonamides were produced beside N-alkylated products in low yields (7-14%). Ease of recycling of the reagent is one of the most advantages of our method. For the reaction of phthalimide with n-butyl acrylate no significant loss of the product yield was observed when K 2 CO 3 /[bmim]Br was used after five times recycling.
CONCLUSIONS
In summary, we have developed an efficient method for Michael addition of phthalimide and sulfonamides to α,β-unsaturated esters. This new strategy for the synthesis of N-Alkyl phthalimides and sulfonamides as biologically interesting compounds has some advantages, including high yield, short reaction time, ease of product isolation, low cast, potential for recycling of ionic liquid as well as reagent and compliance with green chemistry protocols
EXPERIMENTAL
All chemicals were purchased from Merck or Fluka chemical companies. All reactions were carried out using laboratory microwave oven (MW 3000, Landgraf Company, Germany). IR spectra were run on a Shimadzu FTIR-8300 
General procedure for Michael addition of phthalimide and sulfonamides to α,β-unsaturated esters
To a mixture of compounds consisting of phthalimide or sulfonamide (2 mmol), well-ground K 2 CO 3 (2 mmol) and α,β-unsaturated ester (2. Tables 3, 4 and 5. Afterward, the reaction mixture was cooled to room temperature and was extracted with Et 2 O (3×50 mL). The organic extracts were then combined. After removal of the solvent, the crude product was purified by column chromatography on silica gel eluted with EtOAc/n-hexane (1/5 for N-alkyl phthalimides and saccharins and 1/3 for N-alkyl sulfonamides). After isolation of the products and evaporating of the remainder Et 2 
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